A conditional mutation affecting localization of the Menkes disease copper ATPase. Suppression by copper supplementation.
Copper is an essential co-factor for several key metabolic processes. This requirement in humans is underscored by Menkes disease, an X-linked copper deficiency disorder caused by mutations in the copper transporting P-type ATPase, MNK. MNK is located in the trans-Golgi network where it transports copper to secreted cuproenzymes. Increases in copper concentration stimulate the trafficking of MNK to the plasma membrane where it effluxes copper. In this study, a Menkes disease mutation, G1019D, located in the large cytoplasmic loop of MNK, was characterized in transfected cultured cells. In copper-limiting conditions the G1019D mutant protein was retained in the endoplasmic reticulum. However, this mislocalization was corrected by the addition of copper to cells via a process that was dependent upon the copper binding sites at the N-terminal region of MNK. Reduced growth temperature and the chemical chaperone, glycerol, were found to correct the mislocalization of the G1019D mutant, suggesting this mutation interferes with protein folding in the secretory pathway. These findings identify G1019D as the first conditional mutation associated with Menkes disease and demonstrate correction of the mislocalized protein by copper supplementation. Our findings provide a molecular framework for understanding how mutations that affect the proper folding of the MNK transporter in Menkes patients may be responsive to parenteral copper therapy.